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That the seasonal precipitation for stations in Cali- 
fornia varies widely froni year to year is well known and 
there is, at  least in some instances, a correspondence of 
dry and wet seasons in different partsof the State. In 
view of the economic importance of rainfall to the State 
of California and also of the fact that correlations of wet 
and dry seasons have been made covering a period before 
the be inning of the records in the State,it was deemed 

records published as trustworth by the nited States 

dry periods and to ascertain if a periodicity of wet and 
dry seasons exists; the areaof the State suggested that 
there might be more than one rainfall unit, and the 
study was directed also to the determination of the 
extent of these units and to the relations between such 
as might be found. This paper presents the results of 

from ‘1880 to 1910. The data are from the 
records of the United States Weather Bureau 
30 stations. 

represent actual rainfall conditions at  particular places. 
Later it may be possible to make use o partial or inter- 
polated data, but at first this was not regarded as ad- 
missible. 

Because of the winter maximum of rainfall and the 
dry or nearly dry midsummer, the time unit in a rainfall 
discussion for Cdifornia must be a rainfall year, beginning 
at some time during the dry season; as it is customary 
to make use of a rainfall year for California which begins 
July 1, this year is locally known as a “rainfall season. ’‘ 
Fortunate1 California is so situated that the whole State 

regime and, therefore, it  is necessary to consider oidy. 
variations in the seasonal amounts of rainfall in the 
different parla of the State as long as the study is re- 
stricted to California. If a com arison between the 

the United States or other parts .of the world is to be 
undertaken, there must be some compromise to obtain a 
satisfactory time unit of rainfall amounts, unless the 
seasonal amount of precipitation in Callfornia is to be 

b advisa Q le to undertake a careful invest’ ation of the 

. Weather Bureau to determine t K e relations of wet and 

a preliminary study of the conditions during 

K No attempt has yet been made to suppl 
aps in the data, as it waa thought best to be 

sa ta  about which there could be no question t r a t  mt they 

is include B in the region of the “subtropical” rainfall 

rainfall variations in California an a those in the rest of 

for some other. unit in 
of the country III .which 

is uniform or nearly so through- 

rTuly 1, are equally 
out the year the calendar year, beginning January 1, 
and a seasonal year, 
satisfactory as time units; the c endar year is generally 
made use of for sim licity of statement asd from custom. 
For the portions o f  the country which have a summer 
maximum, or a distinct sumnier rainfall, the calendar 
year, or at least a year beginning at  some tinie during 
the winter, is desirable: and, as the calenda’r year con- 
forms with custom, this year is macle use of. ?herefore, 
in all parts of the country, except in the Pacific Coast 
region, the calendar year is the accepted time unit for 
rmnfall; but in this region the calendar year brings 
together in the same time unit a spring and an autumn 

beginni3 

which belong to different rainfall units, and separates 
.the spring and the autumn which belong together. For 
the resent, at least, no attempt will be made to correlate 

althou h it may well be that the amount of precipitation 
in a C 3 ifornia season bears some very close relation with 
the amount in the following or preceding calendar,year 
in other arts of the country, or with other units else- 
where. reasonable de ee of order in the California 
correlation seems desirab e before atkmpting to group 
the conditions over a wider area. 

For a stud of this kind it is essential that no data, 

checked and certified by a recognized authority, \e used. 
Unless this is  the case the records can not be regarded as 
sufficiently comparable to be subjected to rigid statistical 
treatment. However valuable botanic and geologic data 
may be, and there can be no question that such records 
are of immense use when properly read, a determination 
of rainfall conditions should in the first place be deter- 
mined by the use of rainfall statistics. After this has 
been done, the botanic or geologic record may be exam- 
ined for parallelisms, and these records ma be translated 
into terms of rainfall; but in ever case suc x use of natural 

into an entirely different type. There can, of course, 
be no doubt that the natural records are true and correct, 
but there are almost unlimited possibilities for incorrect 
interpretations of these records. 

This study is based on the published records of the 
Weather Bureau, including all the stations which have 
carried on continuous observations of rainfall since 1881. 
There are twenty-eight such-stations, if Yuma, Arizona, 
where the observations were made at  Fort Yuma, Cali- 
fornia, from 1870 to 1875 and which station maF be 
regarded as representing southeastern California condi- 
tions, is included in the list of California stations. Eureka 
was also included in the hope of determining the condi- 
tions in the regions where summer rains are not as rare 
as in central California. The map, figure 1, shows the 
ap roximate location of the stations used. The following 
ta le shows the len th of record at  each station, the num- 
bers are those use to mark the locations on the map: 

Cali P ornian conditions with those of other regions, 

f 1 

other than t x e actual measurements of preci itation, 

records involves a translation 9 rom one type of record 

% f 

1. ......... Eureka.. .......... 
2 .......... Ukish.. ........... 
3. ......... Calistoga.. ......... 

san MaIateo.. ....... 
Niles.. ............. s8ll J W . .  ......... 
Santa (‘NE.. ....... 

1886 
1877 
1573 
1877 
1875 
1874 
1849 
1874 
1871 
1874 

1874 
1874 
187.4 
1869 

ia7s 

1867 
1877 

18i8 
1871 
1571 
1871 
1849 
1867 
1871 
1881 
1876 

1870 

im 

1870 

There are a number of other stations for which data 
for one or more months have been interpolated, but aa 
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interpolation is based upon the assumption that rainfall 
conditions we not entirely local, and one of the objects 
of this stud is to determme how f a r  conditions in differ- 
ent parts o 9 the State are identical, no interpolated data 
have been used, and the record from no station not com- 
plete since 1881 has been considered. In a more inten- 
sive stud it will be possible to use those parts of the 
records wLch are the results of actual observation, but, 
as will,be seen later, the method of smoothing the curves 
for use introduces whatever error there may be in inter- 
polation over a period of five years. 

Bltbough the method of comparing rainfall data by 
means of the plotted curves has its dangers, these are far 
outweighed by the advantages of the method. The rela- 

ificance of numbers is difEcult to comprehend 
when tive ST t ere are a great many of the numbem; maximum 

FIQ. 1.-Map ol Csurornh, showing the location of the atatfosls. (For the names of 
the stations and the Imgth of the records see page 17s.) 

and minimum amounts appear only upon .close examina- 
tion; and the relative position of the maxima and min- 
ima does not stand out as clearly as in curves. In the 
consideration of a number of stations as great as even 
that of the California stations with 30-year records, curves 
become almost a necessity for B comparative study. 

The first attempt was, of course, to deal with the 
curve8 plotted from the actual data computed from the 
observations by adding together the amounts of preci i- 
tation for each season at each station. This is t i e  
form in which the data are published by the Weather 
Bureau. The curves for a number of long-teim re- 

, but an examination of the cords were 
curves showe that the fluctuations from season to 
season are so wide and so irregular that any general 
tendencies lasting more than one season are very 
poorly shown or entirely obscured, except in the more 

to 

extreme cases; and even in the extreme cases the 
amplitude of the variation and the position of the mid- 
dles of the excess and deficiency periods were more or 
leas obscure. A fair sam le of the type of curve obtained 

re 2, wfich is the seasonal amount of 
rainfall is shown at  bi an 9 ranckco from 1849 to 1912, inclusive. 

This state of affairs necessitated some simpWcation of 
the curves before a successful comparison could be made. 
Such a sim lification involves .a sup ression of the actual 

the substitution of artificial amounts which shall show 
the general conditions without too much emphasis upon 
the special conditions which control the actual amount 
in a smgle season. To obtain such conditions it is usual 
to “smooth” the curves. Various methods of smooth- 
ing rainfall curves have been discussed elsewhere.’ 
Free-hand smoothing is not desirable because of the ex- 
treme complexity of the curves and the tendency to er- 
sonal bias, es eciaJ.ly toward introducing more par&el- 
ism between t i e  curves for different stations than exists. 
Smoothing by the use of a formula, dthou h involving 
an immense amount of computation, offers t e most sat- 

mounts  o P rainfall for the individu 89 years or seasons and 
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isfactory curves. Differences in formulse will give dif- 
ferent curves; but, if the same formula is used for all the 
curves, the results wil l  be comparable, and if the formula 
has been found satisfactory in showing general conditions, 
it will serve the purpose of furnish’ smoothed curvea 

not quite correct. As Blandford’s formula has been sat- 
in showing the eneral tendencies, it has been 

tEe curve for any season depends upon the amounts for 
the two seasons next recedmg and the two next follow- 
ing, as well as upon %e amount for the seaaon in ques- 
tion; the more dutmit seasons are weighted less head 
than the one for which the “artificial” amount is desired: 
From the curves thus plotted the tendencies restricted 
to single years show only in a restrioted manner, while 
those extending over a series of years retain their force. 

Afkr plotting the curves for the stations with the 
pro er records, these curves were attached to a large map 
of &li€ornin at approsimately the correct geographical 
locntion of the stations, so that the geographical relations 
of the curves might be studied and to determine if there 

for comparison, even though the in 7 ividud curves Cri.0 

isfacto7 adopte for this study. k tJis formula the position of 

1 8ee BPals E. A. Variatl.p in Rainfall, Mo. Weather Rev., 1-01. 89, pp. 1446-14552. 1911. Reed, W. Q. The Ralnlell of Berkeley, CUI., Unlv. Cal. Pub. Qeag., vol. 1, No. 

S A  * y6 4D where A, B, C, D, and E are the mounta for mmedve n a n d  C‘bthecorraoted amomtior themiddle ywr of thegonp of flvemuona 
2, pp. 88-19. 191s 

whtchia naed in pleoe of the actus1 amount for the wmon in plotting the rrmOOthedourve. 
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was any.similarity between the curves of tshe same region 
and if there were any differences in the different re ions 

oup the curves themselves without regard to their 
gcation. By these means it was possible to provide a 
check to personal bias and to prevent unlike curves being 
forced together because of their propinquit on the map, 

of the State. At the same time an attempt was ma % e to 

and also to correct any tendency to overloo 5 likenesses in 

b 

c 

- 

c 

c 
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FIG. %-Type curves of aeaaonal mW8U in CMUomIa: 

(A North coest, Uldah; B) North Velley Tehsma. (C) Central Coast Sen Mateo- 
central coast, sen 6,; (E) cenw +elley, SAamentO; (F) southern vauey: 

ream; (0) Southern station, Santa Barbara. 

curvesof stations far fromeach other. The groups made by 
the two methods correspond very closely. On the basis of 
the reliminav study of the curves t.he following types of 
r a d 1 1  variation have a peared: (1) a northern Cali- 
fornia type (curves A and g in @re 3), (2) a central Cal- 
ifornia type, which may, erhaps, be subdivided into a 

subtype (curves E and F), and (3) a southern California 
coast subtype (curves C an 5 D in figure 3) and an interior 

In  the region where the northern California type of 
rainfall variation prevails the general conditions are 
shown by the smoothed curves for a station in the Comt 
Ran e region, TTkiah in Mendocino County (curve A> 

County (curve B). The variations in the smoothed curves 
show minimum rainfall conditions in the earl eighties, 

in the middle nineties 111 the Coast Range region, minimum 
again in 1897-98 and a ninsinium in 190&!5 in both the 
Coast Ran e and the Great, Valley regions. This last max- 

the curve has not, been carried far enough along to show 

and f or a station in the Great Valley, Tehania in Tehama 

maxinium in the early nineties in the Great 4 alley and 

imuni is Eo 9 lowed by a tendency toward a minimum but 

4a0 N 

40"k 

Sa" N 

36' N 

34' lo 

Fro. rl.-Rainlall condition8 at coast station8 horn LIllloothed 

the date of the minimum conditions. The amplitude of 
the oscillation in this re 'on is somewhat reaular, but 
the period, if any exists, !?as not yet apppearetfrom the 
curves as t,here has been but one coiiiplete oscillation dur- 
ing the term of the record and the tune of this complete 
oscillation wfls not t.he same at all the stations studied. 

In Sgures 4 and 5 the departures from the average rain- 
fall for$t,heltime of the record at each station have been 
shown-at the latitude of each station by years, the ordi- 
nates representing the latitude of the station and the 
abscissse the years of.,the record.BIn -re 4 the data 
for stations inlthe Coast,Range re ion and the southern 
California coast havelbeen dot te  & and in kure 5 those 

type 7 c m e  G). for the Great Valley, ~cludhg\thdTulare. B&n, and the 
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southern California region away from the coast. These 
diagrams show similar conditions of departure over the 
northern Coast Range and Great Valley regions. The 
diagrams show nothing of the character of t.he curves of 
rainfall variation, except the fact of excess or deficiency 
from the average, and, as the averages at the different 
stations are based on different years of record, they can 
not be regarded as absolutely trustworthy in showing the 
actual conditions, although they are probably valuable 
aa indicnting tendencies. 

A feature of fi ure 4, the Coast group, is the beginning 
of the first epoc% of excess precipitation five years or 
more earlier in the southern portion than in the northern; 

1880 1885 1890 1896 1900 1906 
I881 1886 1891 1896 1901 1906 

4ZoN I I I I I I I 

4oo N 

58' N 

56' N 

54O N 

I I I I I 

FIG. 5.--Rainlall conditions at intmior etatiom from llmoothed curves. 

the advanced beginning in the south of the epoch of do- 
ficiency of the late nineties is nearly as marked. The 
boundaries of the belts are less regular in re 5, the 

The 
tions of the rewions is at about latitude SG3". 
of excess whicg ends the record in each case does not s ow 
the earl beginning in the south. 

variation redominates includes the Coast Range region 
north of an Francisco Bay, with the exce tion of the 
southern part of Napa County and the nort ern end of 
the Great Valley of California. The .records in the 

Interior grou but the same tendencies are T s own here. 
The division E &ween the southern and the northern por- 

The dy Ist.rict in which the northern California type of 

1 8 

extreme northern part of the State are few in number 
and are al l  of shorter length than the minimum adopted 
For this study. I t  may later be advisable to attempt to 
deterniine the conditions north of the region for which 
the records are of reasonable duration by a study of the 
shorter records or the consideration of the Ore on 
records. For the present it is sufficient to stat,e t % at 
data are wainting in the Coast, Range region north of 
Ukiith (escept Eureka, which has a record shorter than 
t-he ado ted minimum), and in the interior there are no 

northern end of the Great Valley. The eastward extent 
of the area has not been determined, as the recorda from 
the stations in the Sierra Nevada Mountains are of short 
duration; oscept, for the stat.ions along the line of the 
Central Pacific Railroad and e& of Auburn the records 
all have breaks, which render them unavailable at the 
present. The statmioils in the Coast Range region, where 
the northern California t e of curve of rainfdl variation 
is to be found are Eure -a, U b h ,  Calist,o a, and Fort 
Ross; in the Great Valley the stat.ions are ehama, Red 
Bluff, Chico, and Auburn. 

The central California type of raidall variation is 
found in the Coast Range region from the Napa Valley 
southward to San Luis Obispo County, about latitude 

avnilab r e records of the required lengt,h north of the 

f T 

FIG. 8.-Srnoothed curm for longeet-perlod etatlons: (A) Sen Franckco; (B) Sacra- 
mento; (C) Ban Dhgo, 

36'. The exact boundary can not be determined because 
of lack of stations, but it is probable that there is a 
gradual transition rather than a sharp dividing line. 
The stations available in the Coast Ra e region include 

Jose, Santa Crw, Gilroy, Hollister, and Soledad. The 
type curves for this re on are San Mateo (curve C) and 
San Jose (curve D). $ he curve for San Francisco (see 

ure 6) resembles those for the stations in the Great ? alley more than those for the other Coast Range s t - e  
tions. 

The interior subtype of the central California r ion 
includes all the Great Valley from its extreme sougern 
end (the Tehachipi Mountains) to a oint somewhere 
north of Sacramento. This region incfudes the Tulare 
Basin a t  the southern end of the Great Valley, although 
this basin is a region of interior draina e, except in very 
unusual cases. The available data are f rom Sacramento, 
Stockton, Modesto, Fresno, and Tulare. Typical 
smoothed curves for' the central California region are 
those for Sacramento (curve E, fig. 3) and Fresno, 
representing the Tulare Basin conditions (curve F, k. 
3). Their difference from the Coast Range curves is 
apparent. There is a difference in the character of the 
ourves.from the Coast R e stations and those from the 

Napa, Oakland, San Francisco, San 2 ateo, Niles, San 

Great Valley stations whic "fl has led to the suggestion of 
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b o  subt 88 in the region, but these difEerences are, in 

specific, tangigye features and may be due to total 
amounh3 of rainfall as much as anything. In the cen- 
tral California group of stations there is a tendency 
toward a greater number of maxima and minima than in 
the region to the north and that to the south. This is not 
so clearly shown in the diagrams of departure from the 
average conditions, as the tendency IS to break tlie 
maxbum with a weak minimum, and the minimum 
with a weak maximum, and not to show a variation which 
takes the curve below or above the average. Further 
smoothing of the Coast Range curves would bring them 
into more or less accord with thecurves for the northern 
stations, but such is not so clearly the case with the Valley 
stations and with San Francisco. 

The variations in rainfall in the Tulare Basin (see curve 
for Fresno, F in fig. 3) show the same type of oscillation 
as the other curves for the Great Valley stations in the 
central California region, but the amplitudes of the os- 
cillation are not always the same. In  figure 5 the times 
of the periods of excess and deficient precipitation do not 
agree with the times for the other part of the Great Val- 
ley, but this is probably due to the shorter observation 

eriod of the record and the consequent different relation 
getween the average amounts and the seasonal amounts 
shown by the curves. 

The whole of the State south of the central region, that 
is south of Monterey County and the Tehachipi Moun- 
tains,shows the same type of rainfall variation. The 
curvee from the coast region and from the desert are very 
similar, in spite of the wide differences in the amounts of 
rain in the different parts of the region. The curve for 
Santa Barbara (G in fig. 3) is typical of the region. 
The available stations in the region are San Luis Oblupo, 
Santa Barbara, Los Angeles, San Diego, San Bernardino, 
and Yuma. It is to be rewetted that there is no station 
in the Mojave Desert or in 6wens Valley which is available 
for this study. There are partial records for stations in 
both these regions, but there is none which meets the 
minimum requirements of the reliminar stud . When 
be possible to use such parts of the records as may be 
avadable and to get some idea, a t  least, whether hese 
re ‘ons belong to m e  of the three rainfall districts or 
wgther  they constitute a fourth district. For the 
present they must be classed with the estrgme northern 
part of the State and the Sierra Nevada Mountains and 
omitted for want of data. 

Perhaps the most striking condition shown by the 
preliminary study is the difference in the rainfall varia- 
tion in different latitudes in California. mien  tlie curves 
were placbd in their proper geo iaphical position on tlie 

series along the coastal part of the State, in the region 
which may be called, for convenience, the Coast Ranges, 
and another series from the northern end of the Great 
Valley southward across the desert region of the south- 
eastern part of the State. The departures from the aver- 
age seasonal rainfall for stations in the Coast Range region 
are shown a t  the proper latitudes for the stations in figure 
4, and similar relations for the interior stations are shown 
in figure 5. The attempt to classify the curves on the 
baskof thelatitudeof thestations alonewas not successful, 
and the same was true in the attempt to classify the 
excesses and deficiencies on a simple latitude basis. After 
the carves had been divided into a Coast Range class and 
an interior &as, the diagram of excwses and deficiencies 

general, ill!? e a earance of the curves rather than in 

a proper statlstical method has \ een foun 8- it wil *i? probably 

map of the State, it was seen t %‘ a t  there W.M a general 

for each class with the stations arranged by latitude 
became much simpler. 
In drawing the di rams the divisions between the 

seasons of excess and z o s e  of deficient precipitation were 
marked along the line representin the latitude of each 

points were connected freehand and the areas of axcess 
and deficiency indicated by shading. The two diagrams 
(figs. 4 and 5) show only the algebraic signs of the departr 
tures from the averages and mdicate nothing in regard 
to the amount of the departure. As the de artures are 

and these do not all represent the same seasons the dia- 
grams are essentially unfair and must be inaccurate in 
man places. But in spite of this, at least since 1881, the 

than that in the central region which is also inficated by 
the curves, where no averages are shown and where the 
oscillation without regard to average conditions is all that 
ap ears. 

$he season of 1859-90 is remembered as one of great 
escess of rainfall. I n  most cases the smoothed curves 
show that this season occurred during an epoch of rainfall 
in excess of the avera e. This is true for all the stations 

the possible esception of stations in the are Baain, 
where the “artificial” amount was not far  from the 
average amount for the period of the records. The season 
of 1897-98 was one of the driest within the 30 years 
covered by this study in most or all of the stations in Cali- 
fornia; this is the only reputed “dry year” in the period 
under discussion, as the seasons ending June 30,1913, and 
June 30, 1913, me a t  the end of the record and can not 
appear in the smoothed curve. The season appears in 
figures 4 and 5 as a part of an epoch of precipitation lower 
than avera e in amount. 

is not at the crest of the epoch of e s c w  for the smoothed 
curves throu hout the State and that the trough of the 

1897-98. But it is true that these strongly marked sea- 
sons had the same characteristics throughout the State 
and in so far as the characteristics of single seasons of 
wide departure may be trusted t.hey show State-wide 
conditions. “here the departures are not so great in 
amount, the conditions of excess or deficiency from the 
average are not nearly as well marked and the extent of 
the area in which like conditions occurred is much smaller. 

While many interesting lines of investigation are sug- 
gested by the diagrams, it seems best to present them at 
this time without further comment, as the proper statis- 
tical method for the treatment of the data has not yet been 
determined. That the variations in different regions have 
been similar, although not identical, is shown by figure 6, 
where the smoothed curves for the longest records m Cali- 
fornia, A for San Francisco, B for Sacramento, and C for 
San Diego, have been plotted with the same time scale 
and equal amount scales. The most noteworthy features 
of this set of curves are the occurrence of the crests and 
trough at the same seasons in the great majority of the 
cases, the somewhat close parallelism between the San 
Francisco and Sacramento curves, and the considerable 
difference in the amounts of the departures shown by the 
San Diego curve from the amounts shown by the other 
two curves. 

In  view of the incomplete state of the work and the 
absence of any satisfactory statistical method of handling 
the data, the study has not been carried further. The 

station. After these divlsions ha 5 been indicated, the 

measured from the averages of the periods o P the records 

oscil i ation in the south is shown to be of a lon er period 

M in the Coast group an I!? for those in the Valle oup, with 

It shoul f be noted, hoGever, that the season of 1889-90 

period of de B cienc-y is not in all cases at  the season of 
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r eh ina ry  investigation indicates the necessity of a care- 
&I study of all the records, in order to determme exactly 
what the rainfall variations in the State have been, so 
that these results may be compared with the evidence of 
an indirect character to determine just what rainfall con- 
ditions are associated with botanical and geological fea- 
tures, and thus the curves of accurate rainfall measure- 
ments carried back of the beginning of the data. 

On the basis of a study of the rainfall data for stations 
in California with a record of 30 years’ durat.ion the follow- 
ing tentative conclusions may be drawn: 

1. Rainfall in California varies in amount within wide 
limits. 

2. In  a very general way the variation is similar in char- 
acter but not in amount throughout the State. 

3. Variations more or less similar in character and 
amount are to be found in each of the following districts 
of the State: (a) California north of latitude 38O or 3 9 O ;  

( a )  the Coast ranges from Napa County south to San Luis 
, Obispo County; (c) the Great Valley of California south 

of latitude 39’; (d) Southern California, that art of the 

tains. No data are availab Q e for Owens Valley and the 
Mojave Desert, or for northern and eastern CaJIfornia. 

4. The eriod of oscillation of the seasonal amounts of 
rainfall is7onger south of latitude 35O than north of this 
line. 

5. The “wkt year,” 1889-90, and the “dry year,” 
uite State-wide. Data are lack- 

data and rigid treatment of the results are necessary 
before any safe conclusions .can be drawn regarding rain- 
fall oscillations in the State. 

State south of San Iluis Obis o and the Tehac R ipi Moun- 

wet! and dr-y years. 
statistical analysis of the 
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